Introduction of a cysteine protease active site into trypsin.
Active site serine 195 of rat anionic trypsin was replaced with a cysteine by site-specific mutagenesis in order to determine if a thiol group could function as the catalytic nucleophile in serine protease active site environment. Two genetically modified rat thiol trypsins were generated; the first variant contained a single substitution of Ser195 with Cys (trypsin S195C) while the second variant contained the Ser195 to Cys as well as an Asp102 to Asn substitution (trypsin D102N,S195C) that more fully mimics the putative catalytic triad of papain. Both variants were expressed as his J signal peptide-trypsin fusion proteins to high levels under the control of the tac promoter. The mature forms of both variants were secreted into the periplasmic space of Escherichia coli. Trypsin S195C shows a low level of activity toward the activated ester substrate Z-Lys-pNP, while both trypsin S195C and trypsin D102N,S195C were active toward the fluorogenic tripeptide substrate Z-GPR-AMC. Esterase and peptidase activities of both thiol trypsin variants were inhibited by known Cys protease inhibitors as well as by specific trypsin inhibitors. The kcat of trypsin S195C was reduced by a factor of 6.4 x 10(5) relative to that of trypsin while the kcat of trypsin D102N,S195C was lowered by a factor of 3.4 x 10(7) with Z-GPR-AMC as substrate. Km values were unaffected. The loss of activity of trypsin D102N,S195C was partially attributed to an inappropriate Asn102-His57 interaction that precludes the formation of the catalytically competent His57-Cys195 ion pair although loss of the negative charge of D102 at the active site probably contributes to diminished activity.(ABSTRACT TRUNCATED AT 250 WORDS)